A series of tests are described in which the in situ stress has been recovered using the rock memory technique, known as deformation rate analysis (DRA), where the samples have been subjected to confinement (30 and 50 MPa) 
Background
This paper presents the results of a stress measurement program conducted for the Henderson Mine. Some of the samples were tested unconfined and some with confinement. One sample was recovered from borehole HEND 0782, two from borehole HEND 0784 and one from HEND 0783 (1,616 m). All samples were located in Urad Aplite Porphyry at depth of 1,550-1,650 m below ground level. The stresses have been determined using DRA (deformation rate analysis). In HEND 783 the material had a high porosity and low unit weight (average 23.6 kN/m  Aguas Teñidas Copper Project, Spain (where testing was undertaken on a block of rock recovered from the side wall of a drive) -these results were independently verified using the borehole slotter from Interfels.
 Goldfields Agnew mine.
 MMG's Golden Grove (confirmed with HI cell test work).
 Newmont's Boddington Gold Mine.
 Posiva, Finland (tested against many other techniques).
 Barrick's Reko Diq Copper project (Pakistan).

 Newcrest's Cadia East Mine (testing against HI program).
 Western Areas Flying Fox.
 Sandfire's DeGrussa Project.
A large number of blind tests on overcore recovered from HI cell tests have been undertaken as part of a research project. The results are confidential but confirm the robustness of the technique.
Testing under confinement
Many rock samples recovered from depth have unconfined strengths which are similar to the overburden stress. If these rocks are tested without confinement there is a high probability that the stress memory will not be recovered before the rocks break. Dight et al. (2013) showed that rock memory can be recovered using confined tests. The advantage is that the confined strength is significantly higher than the unconfined strength thus greatly extending the range of the method.
While the strength of the rock at Henderson has been reported to be between 100 and 250 MPa, the rock from HEND 0783 appeared much weaker. The unit weight was 23 kN/m 3 . Hence, it was considered that the in situ stress could be recovered using confinement.
Program
This paper presents the results of a stress measurement program for four samples recovered from boreholes HEND 0782, HEND 0784 and HEND 0783 for the Henderson Project. The holes were oriented with trend and plunge of 003°/60°, 114°/65° and 240°/60° respectively. The first sample (as test 782) was recovered from HEND 0782 at a depth below surface of 1,549 m. The second (as test 784S) and third (as test 784D) samples were recovered from 1,614 and 1,637 m below surface respectively, while the fourth sample was recovered from 1,617 m below surface.
The layout of the level and hole directions are shown in Figure 1 .
Figure 1 Plan showing hole layout for the stress determination
The stress determination comprising the four tests covered an area of approximately 40,000 m 2 , hence there was considerable interest in how the measurements would compare in orientation and magnitude.
Test 782, 1549 below ground level (bgl)
Subsampling was undertaken on the core. The subsample directions are firstly determined according to the core assuming it is vertical (Table 1) , then for analysis the subsample directions are converted into mine orientations. The results show that the modulus, density and Poisson's Ratio are all consistent with a porphyry deposit. The porphyry behaves closely to an isotropic material. The samples are generally strong; a rough UCS estimation would be around 120 MPa. The difference between dynamic and static modulus suggests the natural defects in samples have minor to moderate influence on the rock mass.
In situ stress of 782-DRA
The results of the stress measurement are summarised in Table 3 and Figure 2 . This shows that the maximum principal stress is interpreted to be sub-horizontal and oriented in a southeast direction. The stress was calculated to be 44.4 MPa. The intermediate principal stress is oriented sub-vertical at 235°/77° and the magnitude is 37.4 MPa. The minimum principal stress is oriented towards 48°/13° and has a magnitude of 22.9 MPa. The vertical stress calculated from the stress vectors is around 3 MPa lower than calculated overburden stress, which is 39.6 MPa. The k ratio = 1.94:1. The difference might be due to error introduced by analysis, density anisotropy, induced stress from surrounding construction and/or local geological profile. The difference is considered low.
There is a difference between σ1 and σ2 in magnitude, however, swapping can occur. The dominant stress directions appear consistent with the fault/shear system reported for the dominant structures at Henderson. Tests were conducted on the core from the same hole designated S and D, representing 'shallow' and 'deep'. The depths of the samples below surface were respectively 1,614 and 1,673 m.
Subsampling was undertaken on the core. The subsample directions are firstly determined according to the core, assuming it is vertical (Table 4) , then for analysis the subsample directions are converted into mine orientations. The geomechanical results from the testing of the subsamples recovered from 1,614 m bgl are presented in Table 5 and the results from 1,637 m bgl are listed in Table 6 . 
Summary of test results 784S and 784D
The results of 784S and 784D show that the density remains similar to the value in shallower samples from 782. The static and dynamic modulus of 784S are both 15-20 GPa lower than the value of 784D, which has similar value with the shallower samples 782. The Poisson's Ratio of 784S is also slightly lower, with the value of 0.15. The sample strength of 784S is assumed to be lower than 1,549 m bgl. The rough estimation of UCS of 784S would be set around 80-110 MPa. The estimated UCS of 784D would be around 120 MPa. Deep Mining 2014, Sudbury, Canada
In situ stress of HEND 784S -DRA
The results of the testing to determine the in situ stress using DRA for HEND 784S are shown in Figure 3 and Table 7 . The results show that the maximum principal stress has an orientation of 319°/61°, the intermediate stress is oriented towards 129°/28° and the minimum principal stress is sub-horizontally with an orientation of 221°/4°. The k ratio is 1.38:1, which is lower than for the shallow samples. The values of intermediate and minimum stresses are very close, the difference is 1.4 MPa. The difference is within an analysis error range; therefore, they can be considered as same. The vertical stress calculated from the stress vectors is 40.7 MPa, which is 0.5 MPa lower than the calculated overburden stress based on the depth below surface and the average density. This is a good result.
However, there is a rotation in σ1 versus σ2 compared with the previous results. 
Figure 3 Stress orientations for HEND 0784S
In situ stress of HEND 784D -DRA
The results of the testing to determine the in situ stress using DRA for HEND 784D are shown in Table 8 and Figure 4 . The results show that the maximum principal stress has an orientation of 166°/17°, the intermediate stress is oriented towards 303°/67° and the minimum principal stress is sub-horizontally with an orientation of 72°/15°. The k ratio is 1.36:1, which is also lower than for the shallow samples. The values of intermediate and minimum stresses are very close, the difference is 2.5 MPa. The difference is within an analysis error range; therefore, they can be considered as same. The vertical stress calculated from the stress vectors is 38.7 MPa, which is 4 MPa lower than the calculated overburden stress based on the depth below surface and the average density. This is not as good as HEND 784S but is still a good result.
The orientation of the stresses however, is similar to HEND 782. 
Test 783, 1,616 m bgl
The results of a stress measurement program for samples recovered from borehole HEND 0783 are shown in Figure 5 and Table 9 . The hole was oriented with trend and plunge of 240°/60°. Subsampling was undertaken on the core. The subsample directions are firstly determined according to the core assuming it is vertical (Table 10) , then for analysis the subsample directions are converted into mine orientations. 
Summary of test results 783
In all tests undertaken, modulus and density are recorded. The geomechanical results for the test are summarised in Table 10 .
The results show that the modulus, density and seismic velocity are all consistent with a porphyry deposit. The porphyry behaves closely to an isotropic material. The sample strength and deformation response is highly variable; a rough UCS estimation would be around 70 MPa. Part of the dissimilarity in the modulus is due to the level of confinement and the heterogeneity. The results of the stress measurement are summarised in Figure 5 and Table 9 .
This shows that the maximum principal stress is interpreted to be sub-horizontal and oriented in a southeast direction (145°/12°). The stress was calculated to be 50.6 MPa. The intermediate principal stress is oriented sub-vertically with a steep plunge at 273°/71° and a magnitude is 40.8 MPa. The minimum principal stress is oriented sub-horizontally at 051°/15° and has a magnitude of 26.4 MPa. The vertical stress calculated from the stress vectors is around 2 MPa higher than calculated overburden stress, which is 38.1 MPa. The k ratio = 1.92:1. The difference is considered low.
The dominant stress directions appear consistent with the fault/shear system reported for the dominant structures at Henderson.
Load deformation response
The testing shows that the stress memory can be recovered from samples, subject to confinement. An example of the stress strain response for two samples, B1 and B2, with same orientation/location and similar stiffness is presented in Figure 6 .
Sample B1 was tested uniaxially and sample B2 was subjected to 50 MPa confinement. Figure 6 (a) shows the confinement has significantly increased the tangent moduli and strength of B2. The UCS of B1 is close to the maximum applied stress, 47 MPa, which is only slightly higher than the overburden stress. Since the in situ stress in B direction can be 0.5-2 times of overburden stress, it is difficult to know whether the applied stress is higher than the in situ stress. To achieve higher applied stress, the confinement increases the strength of sample and enables one to achieve a stress much higher than estimated unconfined stress, without shifting the inflection point. In Figure 6 (b) the inflection points of B2 are located at a similar stress level with those of B1. The important conclusion is that the testing with confinement increases the strength at which a sample will fail but does not remove the stress memory.
Figure 6 (a) B1-1 represents the response of first cycle at sample B1. The tangent moduli of B1 is much lower than it of B2. The maximum load subjected to B1 is 47 MPa, which is very close to the UCS. The maximum stress difference (σ1-σ3) subjected to B2 is 100 MPa, which is also close to failure stress; (b) although the stiffness and strength of B2 increased significantly due to the confinement, the inflection points at B1 and B2 occur at similar stress level
Stress gradient
For completeness a graph of the stress change with depth is shown in Figure 7Figure . This suggests σ2 = 0.027 × D which is gravitational, and σ3 = 0.016 × D. 
Summary and conclusions
The dominant stresses (σ1 and σ2) are sub-horizontal and sub-vertical respectively, with σ1 oriented southeast-northwest and σ3 predominantly northeast, which is consistent with the formation of an intrusive orebody into an extensional regime. The rock is only mildly anisotropic and this can be ignored in stress analysis. There is good agreement with the vertical stress component derived from the tests and the expected overburden stress. We would conclude that this is a low to moderately stressed rock mass. 
